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MONOCLONAL AjSmBOM SPEeiFIC TO SURFACE OlP 

DENDRITIC CELLS AMONG THE PERIPHERAL BLOOD LEUKOCYTiES. 

TECHNICAL FIELD 

The present inveatipn relates to a monoclonal antibody 3.6-A that reacts only 
with dendritic cells. More particulariy, the monoclonal antibody 3-6-A reacts with 
extracellular region of DMtf exclusively ejgpressed on the surfece of dendritic cells 
among the peripheral blood leukocytes. Therefore, the present invention relates to 
the usability of the monoclonal antibody 3-6-A in line with dendritic cell-specific 
surface markor. 



BACKGROUND ART 



1 5 When being exposed to external antigens as a consequaice of pinocytosis or 

pathogenic infection, dendritic cells (hereinafter referred to as DCs) ingest the 
antigens, degrade the proteins and present them on their surfaces in the form of 
peptides bound to MHC class H molecules. Even though the population of DCs are 
less than I % of the total PEL, DCs are much more potent in antigen presentation to 

20 T cells than monocytes and macrophages (Pierre et al. , Nature 388:787 (1 987)). 

Once sensitized to external antigens, DCs home back to lymph nodes with 
secreting a specific C-C chemokine. In the lymph nodes, senshized DCs activate 
naive T cells (Adema el al.. Nature 387:713 (1997); higulli E et al, J. Exp. Med., 
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1 85:2 1 33 (1 997)) to indace Celiuiar immunity against the^ antigens (Steinman R. M., 
Amu. Rev. Immmolo., 9:271 (1991)). DCs are.repbrted to play an important role in 
the positive and negative selection of T cells; in the thymus (Carlos A., Imnmnol. 
Today 18). Other experiments have shown that the chemokmes secreted from DCs 
5 are involved in the homing of T cells to lymph nodes (Adema et al. Nature 387:713 
(1997); Ingulli etal, Exp. Med., 185:2133 (1997)). 

In addition, DCs have a capacity to induce IL-12 and activate cancer cell- 
specific CTLs which are effective to suppress cancer generation and cancer cell 
proliferation (Gabrilovich et al.. Cell Immunol 1 70:1 1 1-9 (1 996): Vezzio et al., int. 
10 Immunol. 8:19963-70 (1996); Young et al., J. Exp. Med. 183:7-11 (1996)). By 
taking advantage of tiiese functions of DCs, intensive research has recently been 
directed to tiie use of DCs m tiie development of immuno-tiierapy for cancer (Gilboa 
et al.. Cancer Immunol. Immunother., 46:82-87 (1998); Nestie et al.. Nat. Med, 
4:328 (1998); Song etal.. J. Exp. Med, 186:1247 (1997)). 
15 Besides, DCs are known to take an essential role in tiie patiiogenesis of AIDS 

(Fauci, Science, 262:1011 (1993); Pantaleo et al.. Nature, 362:355 (1993); 
Embretson et al. nature, 362:359 (1993); Haynes et al. Science, 271:324 (1996)). 
Patients infected witii HIV-1 virus usually undergo asymptomatic period from 3 to 15 
years for which only a tiacing amount of fflV-l virus is found in tiie blood stream of 
20 patients. However, a large quantity of tiie virus and infected CD4+ T cells are found 
around DCs in lymph nodes (Pantaleo et al.. Nature 362:355 (1993)). It means tiiat 
the HIV replication is active in tiie lymphoid organ tiiroughout tiie period of clinical 
latency, even at times when minimal viral activity is demonstrated in blood. For tiiis 
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phenomeflon, they give an explanation as follows: DCs are exposed aiid infected with 
a large number of HTV-l during the primary viremia and return to lymph nodes in 
which they stimulate naive T cells and then spread the virus to those activated CD4+ 
T cells. DC-mediated HIV-1 spreading cause active infection of CD4+ T cell and 
5 shortage of T cells m lymph nodes, resulting m the depletion of CD4+ T cells in 
blood stream to the level of AIDS (Blauvelt et al., Clin. Invest. 100:2043 (1997); 
McCloskey et al, J, Immunol 158:1014 (1997)). A report discloses that, when 
purified, primary CD4+ T cells are not susceptible to HIV-1 in the absence of antigen 
presenting cells such as DCs or macrophages ,and DCs are much more efficient in 

10 transmission of fflV-1 to CD4+ T cells than macrophages (Joo et al., J, Kor. Soc. 
Microbiol., 30:77 (1995)). These research results are examples that concretely show 
that DCs are greatly responsible for the AIDS progression. 

During the last several years, DCs have been highly focussed by 
immunologists and related scientists for their special features and characteristics as 

15 mentioned above. However, DC studies have not so much progressed as generally 
expected in other experiments because of the following limitations. First, DC 
compose less than 1 % of the total PBL and do not increase in tiieir population in 
vitro even in the presence of granulocyte macrophage-colony stimulating factor (GM- 
CSF) which has been reported to support die DC survival up to 6 weeks (Marcowitz 

20 and Engleman, J. Clin. Invest. 85:955, 1990). Second, human DC-specific surface 
markers have not yet been identified. 

Limited cell population and lack of a DC-specific surface marker have made 
it difficult to use pure and enough amounts of DCs for fiulher experiments. 
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Nonetheless, several laboratories persisted with thdir investigations, leading to the 
current acceptances afaout the special characteristics of DCs. IJp to now, DCs have 
been purified from the PBL generally through the negative selection procedure 
described elsewhere (Freudenthal et al... Proc. Natl. Acad: Sci ?7:7698 (1990)). In 
5 the ne^tive selection method, DCs are isolated by removing other immtmocytes 
such as T cells, B cells, monocytes and macrophages fiom the PBL through the 
following experimental procedures; Ficoll gradient. E-rosetting, adhesive panning, Fc 
panning, metrizamide gradient centrifugation, and antibody panning processes. 
These procedures are so pains-taking and sophisticate that the procedures may not be 

10 applicable to general laboratories. 

Recently, several mvestigators have tried to generate DCs by differentiating 
bone marrow stem cells (CD34+, CDllc+) or mono^rfes in vitro in the presence 
cytokines such as GM-CSF and IL-4 (Bender et al., J. hnmunol. Methods 196:121- 
135 (1996)). Most of the recent DC studies for immunotherapy exploit this method 

15 to prepare DCs. However, this method also has its own disadvantages in that it 
requires a high cost and takes a long period of time for differentiation. In addition, 
even though the differentiated cells look like DC morphology, these cells are still in 
controversy for their biological functions whether they are authentic DCs and are able 
to take place real DC in vivo when required in the immunotherapy. 

20 Therefore, in order to study DCs to a practical level, first of all, it is very 

essential to identify DC-specific surface markers and generate monoclonal antibodies 
against it. Those monoclonal antibodies would be very useful not only to study DCs 
but also applicable to positive selection of DCs from the PBL. 
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For tHal purpose, a few Monoclonal antibodies have been suggested and used 
for DC-detecting antibody. However, most of them are hot suitable enough to be 
used for detection and isolation of DCs fiom PBL owing to their ov^ limitations. 
For instance, monoclonal antibody (mAb) against HB15 molecule (CD83) reacts only 
5 with activated DCs, but not with the naive DC at all. OUr present investigations have 
shown tiiat CD83 is not sufficienfly expressed even in the activated DCs when 
compared to otiier cell-specific surface markers. Moreover, the mAb against CD83 is 
not so much specific as it reacts witii activated monocytes /macrophages as weU as 
with activated DCs. Nevertheless, It has been widely used in identifying the 
10 monocyte-derived DCs in vitro (Feamley et al. Blood, 89:3708 (1997); Zhou et ai, 
J. Immunol., 154:3821 (1995)). 

Besides, CDllc and CDla have been reported as DC-specific surface 
markers (Gao et al. Immunology 91:135 (1997); Lardon et al. Immunology 91:553 
(1997); Ruedl et al. Immunol 266:1801 (1996)). However, they have a problem in 

15 their specificity to DCs. CDllc is expressed not only in DCs but also in 
macrophages, granulocytes and NK cells, while CDla is found on the tiiymocytes 
and Langerhans cells, as well. These results are partially confirmed in our present 
experiments.We found tiiat CDllc was expressed substantially on the surface of 
DCs, but was also expressed on the B cells and monocytes in a similar or reduced 

20 amount. Whereas, CDla was not expressed on die surface of naive DCs. Tliese 
results indicate that CDla, CDl Ic and CD83 are not suitable for DC-specific surface 
markers. 
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DISCLOSURE OF Tffi INVENTION 



With Ms background in mind, the present inventors made a cDNA library of 
DC and examine the libraiy to seek for a DC specific surfece marker: The mventors 
5 found that the HLA-DMa/b (hereinafter referred to as DM a) genes are expressed 
only in DCs among the PBLs through a series of experiments, plaque-lifting and 
southern blot differential hybridization, sequencing and quantitative RT-PCR (Bae et 
al. Mot. Cells. 5:569, 1995). A monoclonal antibody was generated against 
extracellular region of DM a, and then called 3-6.A. Mab 3.6-A was tested for its 
10 specificity to DCs together with other suggested monoclonal antibodies. 

Therefore, it is an object of the present invention to provide a novel 
monoclonal antibody, which exclusively recognizes DCs among tiie PBL. 

It is anotiier object of tiie present invention to provide a hybridoma cell, 
which produces the novel monoclonal antibody. 

In order to produce a monoclonal antibody against die DM a protein, which 
is specifically expressed in DCs among PBLs, there was made an attempt in which 
the DMq- proteiji was expressed m E. coli and inoculated into BALB/c mice for 
immunization. Any of the monoclonal antibodies thus obtained, however, were 
revealed to be incapable of recognizing normal DM a which is expressed in DCs or 
20 Raji cells (Kim et al. Moi Cells, 6:684 (1996)). DM a shows amino acid sequence 
homology over 75% in between human and mouse, suggesting tiiat it would be 
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difficult to obtain any anti-human DM a monoclonal antibody in BALB/c mice with 
recombinant h-DM or protein. 

The reason why the monoclonal antibodies generated by Kim et al (Mol, 
Cells, 6:684 (1996)) could not recognize the noitnal DM a expressed in DCs. is 
5 believed td be attributed to the following possibilities. The recombinant DM a would 
be lost with its B-cell epitopes by lacking in glycosyl^tion or suructural disruption 
when expressed as a form of inclusion body. 

In the present invention, recombinant DMo- proteins were obtained from a 
baculovirus system. After being proven to maintain the antigenicity of the normal 
10 DM a expressed in Raji ceUs or DCs, the recombinant DM a proteins were used to 
generate the monoclonal antibody 3-6-A. The monoclonal antibody 3-6-A of the 
present mvention was found to be an IgGl subclass having yl isotype K^hain as 
analyzed by IsoStrip TM kit (Boehringer Mannheim). 

The monoclonal antibody 3-6-A shows a strong reactivity to the normal 
15 DM a expressed in DCs and Raji ceUs, and the reactivity is very specific only to 
DCs among the primary immunocytes. In addition, the antibody 3.6-A was found to 
stain deeply not only tfie cytoplasm but also tiie cell surface of DCs. These properties 
indicate that only DCs among the PBL express DM a in a substantial amount on 
their surface as well as in the cytoplasm. This result is quite dilTerent fh)m the 
20 previous reports addressing tiiat the DM proteins are endosomal compartments and 
are localized only in tiie cytoplasm (Karlsson et al.. Science, 266:1569 (1994); 
Sanderson et al., Science, 266:1566 (1994)). Present inventors found that the 
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discrepancy was attributed, to the different cell types md for the experimerits. 
Actually. Raji ceUs were stained with.3-6.A only when fixed and p&mmUzed mt, 
but not stained without fixation, indicating that DM is localized only in the 
cytoplasm in Raji cells, but not on the cell surface, as imported previously. These 
5 results strongly suggest that the DM expression pattern is likely to be cell type 
specific. Present inventors found first in the world that the DM is exclusively 
expressed on the surface of DCs among the PBL. 

Recently, several reports have addressed that DM play an important role in 
MHC class n-dependent antigen presentation as a sharperon protein (Morris et al., 
10 Nature 368:551, 1994 ; Karlsson et al.. Science 266:1569, 1994). Sanderson et al 
(Immunology 4:87, 1996) reported by co-immunoprecipitation experiments that DM 
induces CUP dissociation fix>m tiie HLA-DR and facilitates peptide binding to DR 
molecules. But the present finding that substantial amounts of DM are expressed on 
the surface of DC suggests tiiat the DM molecules have some otiier important 
15 funtions in DC. at least in parts, as well as a chaperon fimction. First of all, our 
findings strongly suggest that tiie DM molecules can be used as DC-specific surface 
markers. 

The monoclonal antibody 3-6.A of tiie present invention can be used not only 
for the investigation of tiie DM fimctions when expressed on tiie surface of DCs. but 
20 also for tiie development of devices used for tiie positive selection of DCs among the 
PBLs. DCs play an essential role in immune responses. Particularly. DCs are 
essential materials to study tiie immunotiierapy against cancer. Accordingly, it is 
urgently demanded to develop a positive selection metiiod for tiie purification of 
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DCs. Orice established % using the ihbnoclonal antibody 3-6^A, developed in the 
present invention, the positive selection device will be very hdpM to study DC- 
mediated researches and the inununotherapy against cancer. The present invention 
was accomplished by preparing Ae monoclonal antibody 3-6-A on the basis of the 
5 research results of the inventors and assaymg it for its specificity and binding 
cs^acitytoDCs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 Fig. 1 is a flow diagram briefly showing the procedures used for generation 

and characterization of the monoclonal antibody 3-6-A; 

Fig. 2 is a SDS-PAGE photograph showing the expresion of recombinant 
DM (7 a in a transformed E. coli; 

Fig. 3 is a photograph showing positive plaques formed as a consequence of 
15 the production of recombinant virions in the High-5 cells when transfected with a 
recombinant baculovirus DNA; 

Fig. 4 is a Western blot photograph showing the normal expression of a 
recombinant DM a in the baculovirus system; 

Fig. 5 is a Western blot photograph showing the reactivity of mouse anti- 
20 recombinant DM a antiserum to the authentic DM a expressed in Raji ceUs; 

Fig. 6 is a Western blot photograph showing the reactivity of the monoclonal 
antibody 3-6-A to the DM a expressed in E. coli and cells; 
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Figf 7A IS a fiuore!SC^ii(» ini^rQ pJiotpgraph slip^yuijg the ft^ cytoplasm 
and stuface of DCs and Raji cells staiiied with the monoclonal antibiody ii-6-A; 

Fig. 7B is a FAGS histogram of the Raji cells when staked with tfie 
monoclonal antibody 3-6r-A before or after fixation; 
5 Figi 8 is a fluorescerice micrbscbpic photogrc^hS' showing the specificity of 

the monoclonal antibody 3-6-A to DCs in comparison with those of other 
commercially available DC*specific monoclonal antibodies when used forstaimng the 
purified, primary immune cells; 

Fig. 9 is a dot immunoblot photograph comparing the reactivity and 
10 specificity of the monoclonal, antibody 3-6-A and commercially available, DC- 
specific monoclonal antibodies to purified DCs; and 

Fig. 10 is a FACS histogram showing the reactivity of the monoclonal 
antibody 3-6-A to purified primary immune cells, respectively. 

15 BEST MODES FOR CARRYING OUT THE INVENTION 

To accomplish the objects of the present mvention, first, a 609 bp DNA 
fragment coding for an extracellular region (corresponding to a base sequence fi-om 
122-731) of a DM a gene is cloned into a baculovirus transfer vector, 
20 pBlueBacHis2A, to give a recombinant plasmid, pBlueBacHis2A-DM of . This 
recombinant plasmid, together with a baculovirus fiill-length DNA, Bac-N-Blue 
(Invitrogen), is co-transfected into High-5 cells (Invitrogen), resulting in the 
production of a recombinant baculovirus Bac-N-Blue-DM a , which is then infected 
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into mass cultured High-S celfe* The infected High-5 cells are harvested, whose 
extracts are applied to thfe Ni*-NTA column (Qiagen) for purification of the 
recombinant DM a protein, BALB/c mice are immunized with the pure recombinant 
DM a protein and their splenocytes are (excised and undergo hybridization with 
5 mouse myeloma Sp2/p cells, resulting; in production of the hybridoma cell, KHB- 
DM, which produce the monoclonal antibody 3-6-A, The monoclonal antibody 3-6- 
A is now being obtained by ciilturing the hybridoma cell, KHB^DM. 

EXAMPLE 1: Purification of DC and Other Primatv T mmune Cells 

10 

Either from a buffy coat or leukopak, supplied from Korean Red Cross Blood 
Bank, DCs and other immune cells (T cells, B cells and monocytes) were purified 
through the procedures as reported previously (Bae et al., Mol. Cells, 5, 569, 1995). 

15 EXAMPLE 2 : mRNA Extraction and DM a -cDNA Synthesis from the DCs 

From the DCs obtained in Example 1, mRNA was extracted according to a 
known technique (Bae et al., Mol. Cells, 5, 569, 1995). The mRNA was incubated 
with 1 //g of an oligo-dT primer at 37 ° C for 2 min in a reverse transcription 
20 solution (RNase inhibitor 0.5 fi I, 5x first strand ^thesis reaction buffer 4 1, 0.1 
mM DTT iMllOnM dNTP 1 // 1), foUowed by the addition of 5 units of an 
AMV-reverse transcriptase. This solution was incubate at 37 ' C for 40 min and 
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theh ftoher incubate^ .at:45* C r^^ A ^Mff gene was 

amplified by PGR using the cE)mas template and priihers sftown below at Table 1. 

TABLE 1:: Primers for DM a 



BamH I-DM 
Sense primer 


5'-GAT AA.0 GAT CCG TGG AAG CTC CTA-3' 


122rl37 


Hindin-DM Anti- 
sense primer 


5'-GT TCA AAO^ TGA GTC GAG GAG ATG 
TGAGQG-3' 


732-712 



The PGR was performed by repeating a thermal cycle consisting of 94 * G/1 min, 40 
• C/30 sec and 72 • CMS sec, 5 times, and then, a thermal cycle consisting of 94 
' G/1 min and 72 • C/1 min, 25 times, so as to produce a 609 bp DNA fiagment 

encoding an extraceUular region (base sequence 12-732) of the DM a gene. 



10 



EXAMPLE 3: Cloning and Exoressinn of DM a in F. r/^li 



The DNA fragment amplified by PGR in Example 2 was double digested with 
BamH I and Hind m and inserted into the plasmid pRSET/A Onvitrogen) opened 
15 with the same restriction enzymes, to give a recombinant plasmid pRSET-DM a . 
This recombinant pRSET-DMff was transformed into E. coli BL21(DE3) which 
was, then, spread on an LB medium containing ampicillin. The positive colonies 
were inoculated in a M.9 ampicillin broths {\% bactotryptone, Na2HP04, KH2PO4, 
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NaCl, NH4C1> 2M gbcosei Q,5%idiainMie, IM MgS04, iM GaClj) and cultured with 
agitation. When the absorbance of tbe cultures, reached .0.5, IPTG wa§ added to ,a 
final concentration of 1 mM to induce protein ejqwession at 37 * G for 1 hours. The 
expression of recombinant DM ar m the, transformed E coli was ideiitified by SDS- 
5 PAGE analysis in which a band was detected at 29 kDd (Fig. 2). In Fig. 2, lane 1 is a 
protein size marker, lane. I the lysate of ,E. coli BL21 (DBS) transformed only with 
the pRSET/A plasmid; lane2 the lysate of E, coli BL21 (PE3) transformed with the 
recombinant DM a plasmid and lane 3 a DM a protein sample purified from the 
recombinant bacteria of lane 2 with the aid of an Nf'-NTA resin (Qiagen). 
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EXAMPLE 4: Construction of R ecombinant BaculOvirus Expressing DM a 

The DNA fragment amplified by PGR in Example 2 was digested with BamH 
I and Hind m and inserted into the plasmid pBlueBacHis2A (hivitrogen) opened with 

15 the same restriction enzymes. The ligate was transformed into E. coli BL21 (DE3) 
which was then cultured in the same manner as described in Example 2 to obtain a 
recombinant plasmid pBlueBacHis2A-DM a . Together with the baculovirus fiill- 
length DNA BacN-Blue (Invitrogen) linearized by Bsu36I digestion, the 
recombinant plasmid pBlueBacHis2A-DM was transfected into High-S cells 

20 Onvitrogen) with the aid of Lifofectin (Gibco BRL). Five to 7 days culture in a liquid 
medium after transfection, the supernatant was harvested and reinfected at a diluted 
concentration into High-5 ceUs. Two days after inoculation, the cells were covered 
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with a 1% low-melling agartjse mixture (prepared by imxiag 50 mg/tal of X-gal, 2x 
TNM-FH medium with 2% low-melling agarose inm equal voiume) and cultured for 
3-5 days further. Blue plaques were selected as positive clones (panel A in Fig, 3). 
The selected clones were further purified by repeating the above eulturing procedures 
three times. They were amplified m High-5 cells to obtain a large quantity of 
recombinant baculovirus Bac-N-Blue-^DM a . 



EXAMPLE 5: Analysis of t he Cloned DMo' in the Recombinant Baculnvims 

From the recombinant baculovirus Bac-N-Blue-DM a obtained in Example 
4, the genomic DNA was extracted for PCR analysis. PCR was performed using the 
primers Bacl/Bac2 of Table 2 (included in the Bac-N-Blue transfection kit, 
Invitrogen) with the genomic DNA serving as a template to identify the recombinant 
baculovirus is harboring the DM gene. 



TABLE 2: Bacl/Bac2 primers 


Bac 1 primer 


5'-TTT ACT GTT TTC GTA ACA GTT TTG 


-44 — 21 


Bac 2 primer 


5'-CAA CAA CGC ACA GAA TOT AGE-3' 


+794- +77 


EXAMPLE 6: Expression and purification of DM a from the 


Recombinant 



Baculovini.s-infectgiii High-5 
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ffigh-5 cells were infected with the recombinant baculovihjs Bae-N-Blue- 
DMa at 5 MOI and then cultured at 27 -C for 5 days in a humid 
recombinant DM a proteins were extracted from the infected cells and purified by 
using the Ni^-NTA resin column (Qiagen). 

5 

EXAMPLE 7: Immuniyation of BAf-R/r m pose with Recomhin;.nt niu ^ 

The DM a protein obtained in Example 6 was mixed with an equal volume 
of the Freund's adjuvant (Sigma) and inoculated into 5-6 week old BALB/c mice at a 
10 dose of 50 M g/mouse. Inoculated mice were then boosted secondarily and tertiarily 
with the same antigen at a dose of 25 m g/mouse in the 3 weeks interva. After the 
tertiary immunization, Each BALB/c mouse was bleed from the ocular vein to 
analyze the antiserum. 

EXAMPLE 8: Reactivity of An tiserum to the Recombinant DM // 

The High-5 cells infected with the recombinant baculovirus Bac-N-Blue- 
DM a were homogenized and the proteins obtained from the disrupted cells were 
sepamted by SDS-PAGE. The proteins separated on an SDS-PAGE were 
20 transblotted to a nitroceUulose membrane using a transfeiring solution (48 mM tris- 
HCl, 39 mM glycin, 20% methanol. 1.3 mM SOS) in a semi-diy gel blotter (Bio- 
Rad). This blotted nitrocellulose membrane was blocked with a blotto (5% (w/v) 



wo 00/00592 



PCT/KR99/00212 



16 

non-fat milk, 0.02% NaNj in. PBS) fer 30 min, washed three times- xvith PBS, and 
placed for 30 .min at room temperature in a 10 ml PBS solution conteinirig 5 pi l of 
the antiserum obtained in Example 7. Washing 3 times with PBS. membrane was 
soaked in the PBS solution containing goat anti-mduse-IgG-alkaline phosphatase 
5 (Sigma) as a second antibody, and then visualized by adding a NBT/BCIP solution 
{66 fx 1 of 50 mg/ml NBT (nitro blue tretrzolium) and 30 1 of 50 mg/ml BCIP^ (5- 
bromo-4-chloro-3-indolyl phosphate) in 10 ml of an AP buffer (100 mM NaCl, 5 
mM MgCh, 100 mM Tris-HCl. pH 9.5)} as a substrate for the enzymercaction. 
When a band appeared as a consequence of the enzymatic reaction in a dark place. 
10 stop solution (20mM EDTA, 150mM NaCl in 10 mM Tris-Cl, pH 8.0) was added to 
terminate the reaction. 

This Western blotting analysis showed that the recombinant baculovirus Bac- 
N-Blue-DM a normaUy expressed DM in High-5 cells, as shown m Fig. 4. In Fig. 
4. lane M is a protein size marker, lane 1 an uninfected High-5 cell lysate, lane 2 a 
15 wild baculovirus-infected High-5 cells lysate, lane 3 lysate of High-5 cell infected 
with the recombinant baculovirus bac-N-Blue-DM , lane 4 E. coli 
BL21(DE3)lysate as a negative control, and lane 5 lysate of the recombinant E. coli 
BL2 1 (DE3) expressing the recombinant DM a . 



20 



EXAMPLE 9: Reactivity of Antiserum to Authentic DM /y 
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Western blot anidysis was carried dutiin a similar manner to that of Example 
8, using 1x10*^ untreated Raji cells and 1x10^ Raji; cells treated with y-interferort 
(Sigma) at a concentratidn of 100 unit/ml foi- 3 days, the result is given in Fig. 5. In 
Fig. 5, lane 1 is a control Jurkat cell lysate, lane 2 a Raji cell lysate and lane 3 the 
5 lysate ofthe Raji cells treated with yrinterferdii. 

This analysis shows that the antiserum obtained from the BALB/c mice 
immunized with the recombinant DM or reacts well with the authentic DM a 
expressed in Raji cells. 

EXAMPLE 10: Prodwction of Hvbridoma rpl ls Hxnre^ing Monoclonal antihnHy 

Hie mice immunized with the recombinant DMff, obtained from the 
expression in a baculovirus system in Example 7, were euthanized by backbone 
dislocation and their spleens were excised. 1.4x10^ spleenocytes were suspended in 
10 ml of a glucose-rich DMEM medium, mixed with 3x10** cells of the mouse 

15 myeloma cell SP2/0 (Sp2/0-Agl4 KTCC CRL1581) and washed with a glucose- 
rich DMEM medium. To the cell pellet. 1 ml of a 50% PEG-4000 solution (Gibco 
BRL) was added for 1 mm to induce cell fusion. After a glucose-rich DMEM 
medium was slowly added at a rate of 1 ml/min, the cells were well mixed and 
centrifiiged. The cell pellet was suspended in 5 ml of Ix DMEMaoy. and distributed 

20 to the multiwell plate at an aliquot of 50 mI per well where mouse macrophages 
were cultured as a feeder cell (Antibody Lab., Mannual ed. H. D. Lane, p220, 1989) 
and then cultured for one day. Then, an equal volume of 2x HAT medium was added 
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to each mil During a long culture jsenod of tiimej fiteed cells were colonized. 
Hybridoma cells colonized in HAT fflediium were selected from 1 8 wells, 

EXAMPLE 1 1; Ident i fication of Hvbridoma Cells Secreting M onoclnnai AntihQ ^^ Y 

5 Reacting with DM ior 



Each of the 18 coldnies obtuned in Example 10 was cultured in a large 
vdiume of a medium and the supernatant was ainalyzed by EUS A, dot immunoblot 
hybridization and Western blot hybridization. 96-weIl plates were coated overnight at 

I d 4 ' C with the DM a proteins i»epared in Examples 3 and 6 to a final concentration 
of 0.5 fig per well. Plates were washed twice with 100 ^1 of PBS Containing 
0.05 % Tween 20. A 1% non-fat milk solution (dissolved in deionized water, added 
with 0.02% NaN3) was added to each wells at an amount of 90 ;u 1 per well and 
allowed to stand at 37 * C for 1 hour. Subsequently, reaction was performed with tiie 

15 antiserum of Example 7 for 37 * C for 1 hour m the wells. After washing, a 
secondary antibody (goat-anti-mouse-IgG-AP 1/1000 diluted) was added and 
mcubated at 37 * C for 2 hours. After bemg washed twice, each wells were filled 
with an alkaline phosphatase substrate solution (p-nitrophenyl phosphate 1 mg in 
10% diethanol amine buffer 1 ml (dietiianol amine 97 ml, NaNa 0.2 g (0.02%), 

20 MgCb 6H2O 100 mg (0.01%) in DDW 800 ml; total 1 liter)) 50 fx 1 per well and 
incubated at 37 ' C for 30 min. 
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When ttiB reaiction V^is completed, absorbance Swas Measured with an ELISA 
reader (Molecular devices) at 405 nm. Western blotting was carried out in the same 
manner as in Example 8, while dot iinmunoblot hybridization was performed 
following the previous method (Kim et al., Mol. Cells, 6,684, 1996). 
5 The results are summarized at Table 3, below. At Table 3, the reactivity of 

the monoclonal antibody to the recombinant DM a protein expressed in E. coU and 
baculovirus system, was measured by ELISA and Western blot hybridization while 
the reactivity to authentic DM a- expressed in various cells were measured by dot 
immunoblot and Western blot hybridization. The experiment have shown that the 14 

10 monoclonal antibodies all strongly react with the recombinant DM a expressed in E. 
coli, but none of them, except the monoclonal antibody 3-6-A, reacts with the 
recombinant DM a expressed in High-5 cells. The monoclonal antibody 3-6-A was 
found to have strong reactivity to DCs among the PBLs as measured by Western blot 
and dot immunoblot hybridization. Also, the monoclonal antibody 3-6-A was highly 

15 reactive to Raji cells in Western blot hybridization. A weak positive response was 
occasionally detected in B cell fractions in Western blot hybridization. This weak 
detection offers the possibility that activated B cells might express DM. Based on 
these results, the monoclonal antibody 3-6-A against DM or was selected out of the 
14 monoclonal antibodies. The hybridoma cells which express the monoclonal 

20 antibody 3-6-A, were named KHB-DM and were deposited in the Korean Collection 
for Type Cultures, Korean Research Institute of Bioscience and Biotechnology 
(deposition No. KCTC-0485BP). 
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EXAMPLE 12: Reactivity of Monoclonal AntihnH y 3-6-A to th^ Authentic BMa 
Expressed in ncis atiri ji r^p^ 

Monoclonal antibody 3-6-A was tested for its reactivity to the recombinant 
5 DM 0- and authentic DM a nonnally expressed in Raji cells and DCs in Western 
blot hybridization. The result is given in Fig. 6. As shown in Fig. 6. the monoclonal 
antibody 3^6-A is highly reactive to the 34 kDa DM a, expressed normally in Raji 
and DCs. In Fig. 6, lane 1 is a negative control of E.coli BL21 (DE3) lysate, lane 2 a 
lysate of E. coli expressing DM a , lane 3 a lysate of High-5 cells expressing DM a , 
10 lane 3 a Raji ceU lysate, and lane 5 a DC lysate. 



TABLE 3; Binding Capacity of Monoclonal Ab to DM a 



Abs 


Antigens 


Recomb 
DW 


inant 


Cells 


E. coli 


High-5 


PEL 
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MC 


DC 


Raji 


DMo' pAb 


-H-H- 


-H-H- 






± 




-H- 


++ 


M-H 






± 
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-H-H- 
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1 M 1 
















3-6-A 
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+++ 
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4-H- 
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4^2-B 


1 1 l-l- 
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+++ 
















5.5-D 


-H-H- 
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npte:: bijiirig capacity was metoured by EUSA, dot iimnungblpt and/or W 
hybridization. 

- : results similar to those of negative controls 
5 + : positive results, the number of this symbol shows the intensity of the 

positive signal, and is increased one by one whenever the absorbance at 405 nm 
increases by 0,2 from the basic positive value which is the mean value of negative 
control plus 5SD (standard deviation). ++++ is used for all reactions whose ELISA 
value is equal to or higher than 4 symbols., 
^® hi Western blot and dot immunoblot, die symbol was used only when a 

detectable signal is clearly repeated. The number of symbols is increased as the 
comparative intensity increases. 

± : weak or non-repetitive signal. 

15 EXAMPLR 13: Mass Production nf Mo noclonal Antibody 

The hybridoma cell KHB-DM was seeded at a density of 2x10^ cells per ml 
of a high glucose DMEM2o% media. Four days later at a maximum growth, culture 
supematants were harvested as a monoclonal antibody 3-6-A source. At this time, 
20 the concentration of monoclonal antibody reached to approximately 40 fig per ml of 
the culture medium. 

In order to produce a large amount of the monoclonal antibody, hybridoma 
cells were cultured in mouse abdominal cavity. BALB/c mouse was injected first 



wo 00/00592 



PCT/KR99/dOZi2 



22 

with 1 ml of prcsibBne inti^OT^^ One ^wsek; late*, the; 
with 5x10* hybridoma cells per mouse. After 7-14 days, when the abdominal 
cavities of the mice were swollioi enough, ascitic fluid Was taken by 5-10 ml per 
mouse with 18-gauge needle attached to a 10 ml syrmgei and then spin at 1,500 rpm 
5 for 10 mm. The svq).ematmt obtained was added with 0.02 % NaN^^ 

70 C or less. The monoclonal antibody concentration was 5-9 mg per ml in the 
ascitic fluid. 

EXAMPT,F, 14: IsotVPing of Monoclonal Anfihnri y ^j-fi-A for H and T. RhaitiQ 

10 

The monoclonal antibody 3-6-A produced by the hybridoma cell KHB-DM in 
Example 11 was examined for its isotype using the isotyping kit, IsoStrip™ 
(Boehringer mannheim). The monoclonal antibody 3-6-A was found IgGl isotype 
having K-light cham. 

15 

EXAMPLE 15: Monoclonal Antibody ^-/^ A Staining the Cytoplasm and Siirfari-! f > f 
DCs 

Microscopic slide glass woe coated for 15 min with a 1 mg/ml poly-L-Iysme 
20 (Mw 400,000) solution and washed with deionized distilled water. Raji cells (ATCC 
CCL86) and DCs, isolated as in Example 1, were diluted to 10^ cells/ml, attached to 
the slide coated with poly-L-lysine and then washed with PBS. 100 /ul of the 
monoclonal antibody (culture supernatant) obtained in Example 13 were added to the 
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cclHttacheSd slide, whfch >yas mmedjo stand for 1 hour in a iCO^ incubator and 
then washed three times with PBS. After reaction Math,the spcb^ 
mouse-IgG-mC) at 37 ' C CO. incubator fc*r 30 min, the slide >yas washed twice 
with PBS and then observed under a fluorescence microscope (Nikon E-600 Epi- 
5 fluorescent microscope). 

To stain the cytoplasm of DC with the DCs-attached sUdes were fixed 
by immeising them in an organic solvent (50% methanol and 50% acetone) prior to 
staining with the monoclonal antibody 3^-A. After fixation. DCs were stained with 
the monoclonal antibody 3-6.A and the second antibody in the same manner as above 
1 0 and observed in the fluorescence microscope. 

In Fig. 7A. panel a is a microscopic photograph of DC, magnified by 400 
times at a microscope (Nikon TMS), panel b is a fluorescence microscopic 
photograph of a DC stained with the PE-conjugated HLA-DR (Becton-Dikinson) as a 
control, panel c is diat of a DC bound and stained with Ae antibody 3.6-A and HTC- 
15 conjugated second antibody.respectively. panel d is that of a DC which were fixed 
first and then stained in Ae same manner shown in panel c. panel e and f are those of 
unfixed and fixed Raji cells, respectively, which were stained in the same manner. 

Fig. 7B shows the FACS results of unfixed and fixed Raji cells stained mth 
the monoclonal antibody 3-6-A and HTC^onjugated second antibody. Half of a Raji 
20 cell fraction was fixed with Cytofix/cytoperm Cytostain™ Kits(Phanningen) by 
following th evender's manual. Unfixed and f«ed Raji cells were treated with the 
monoclonal antibody 3-6-A at 4 " C for 30 min, washed twice with PBS, and then 
stained at 4 * C for 30 min with the same FITC-conjugated second antibody as 
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mentioned, above; SMned cells were washed twice with PBS and analyzed, 
immediately by FACStar (Bectoh-Dickinson). In Fig, 7B, panel a and b are the 
FACS results of tinfixed^d fixed Raji cells, respectively. 

As apparently shown m Fig. 7, DM a is expressed in a large quantity on the 
5 surfece of DC as weU :^ in its cytoplasm (Fig. 7A panel c and d), which is contrary to 
the previous reports insisting that DM is only an endosomal compartment; Whereas, 
Raji cells were also deeply stained by the 3.6.A when fixed prior to staining (FigJA 
panel f and 7B panel b). Unfixed Raji cells, however, were not stained at all with die 
same antibody (FigJApanel e and 7B panel a). T^^ 
10 that the DM molecules are localized only in the cytoplasm, but not on die surface of 
Raji cells, as mentioned in die previous reports (Karisson et al.. Science 266; Science 
226:1599-1573, 1994; Sanderson et al.. Science 266:1566-1569, 1994). 



15 



T cells. B cells, monocytes and DCs were isolated in the same mamier as in 
Example 1. Each ceUs were dUuted to 10^ cells per ml of PBS and treated at 4 * C for 
30 min with 100 ^ 1 of the monoclonal antibody 3.6.A (culture supernatant) obtained 
in Example 13. Alter centrifugation at 750 g, the cell pellet was washed twice with 
20 PBS, suspended in 200 ^1 of PBS and stained at 4 ' C for 30 min with 10 1 (1 
g) of the second antibody, anti-mouse-lgG-FITC (sigma). After centrifugation, die 
cell pellet was washed twice witii PBS and attached to a coating slide. Stained ceUs 
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were analyzed with :a fluoiescence ,mctpstt)pe mentioned in Example 15 and its 
results are given in Fig. 8. In Fig. 8. colmmi T stands for T cells, cdlumn B for B 
cells, column Mc for monocytes/macrophages, and column DG for DCs. Samples 
were reacted with commercially available various monoclonal antibodies and the 
5 monoclonal antibody 3^A arid then stained with an FTTC^njugated second 
antibody. 

As shown in the bottom of Fig. 8, the monoclonal antibody 3-6.A highly 
reactive with DCs. but not with other immmie cells at all. These data demonsti^e 
that DM molecules are exclusively expressed oh the surface of DCs among primary 

10 immmie cells, hi contrast, the antibodies against CDl Ic or CD83, widely used for 
DC analysis, are not so much specific to DCs among the PBL as shown m Fig 8. 
They react with not only DCs. but also B cells and monocytes. Particularly, as for 
CD83. known to be expressed in the activated DC fraction (Zhou L. J.. J. hnmunol. 
149. 735. 1992). its monoclonal antibody (anti-CD83: Immunotech Co.) showed 

15 reactivity, even if weak, to monocytes as well as to naive DCs in a similar intensity. 
Monoclonal antibody to Fascm. reported allegedly to be expressed only in the 
cytoplasm of DCs, could not recognize the DCs when unfixed. From these data 
apparently shown m Fig. 8, it was reconfirmed that the monoclonal antibody 3^.A 
produced from the present invension has higher specificity and more potent affinity 

20 to DCs than any other conventional monoclonal antibodies. 



EXAMPT,F, 17 Affinity of Thp Mnnnrlnn,.! ^-^ -^ 1^ p ^.. 
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The aflSnity of the monoclonal antiborfy 3.6-A to DCs was compared with 
those of other conventional DC-specific monoclonal antit>odies. DCs were .isolated in 
the same manner as in Example 1 and subjected to dot immunoblot hybridizatibn 
(Kim et al., Mol. Cells, 6, 684, 1996) with the monOelbnal activity 3-6-A, together 
5 with other commercially available monoclonal antibodies. 

Each fraction of DCs containing 10^ ceils, isolated in the same inanner as in 
Example 1, were stained with 1 g of each of an antirCDla monoclonal antibody 
(Becton^Dickinson), an anti-CDllc monoclonal antibody (Becton-Dickinson), an 
anti^D83 monoclonal antibody (Immunotech. Co.), an anti-Fascin monoclonal 
10 antibody (granted from NIH AIDS Research and Reference Reagent Program), and 
the monoclonal antibody 3-6-A in the same manner as in Example 15. Cells treated 
with the first antibodies were stained with an alkalme phosphatase-conjugated with 
goat-anti-mouse-lgG (Promega) m the same manner as in Example 15, foUowed by 
being blotted to a nitrocellulose membrane with the aid of a dot blotter (Bio-Rad). 
15 The membrane was subjected to the chlomogenic reaction as shown in Example 8. 

The dot immunoblot hybridization result is given in Fig. 9. In Fig. 9, the dot 
blot signal of 1, 2, 3 and 4 result from the experiments of DC staming with anti- 
CDla. anti-CDllc, anti-CD83 and tiie anti-Fascin monoclonal antibodies, 
respectively as controls. Whereas, the dot blot signal 5 shows the DC fraction 
20 stained with the monoclonal antibody 3-6-A. Consistent witii the result shown in 
Example 16, tiie monoclonal antibody 3-6-A shows the most potent affmity to DCs 
among tiie monoclonal antibodies tested (Blot 5 in Fig. 9). Next to the monoclonal 
antibody 3-6-A, the anti-CDl Ic antibody was the most potent in the affinity to DCs 
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inFig. J9J, but was also leactiye with monocytes and B-eell fection pg. 8)., 
The antibodies against CD83 or Eascin were found ineffident to react mth 
DCs. 



^ g^AMPT,F. 18- Analysis of Primary Tmmiine Tells ^mth U^oi^.^ ^ ntih fT fl y 
3-6-A 



The prihiary immune cells, including T cells, B cells, monocytes and DCs, 
isolated as in Example 1, were treated with the monoclonal antibody 3^.A at 4 ^ G 
10 for 30 min. Bemg washed twice with PBS. cells were treated with the second 
antibody goat-anti-mouse-IgG-FITC (Sigma) at 4 * C for 30 min. Stained cells were 
washed twice with PBS. and then immediately analyzed with the FACStar plus 
(Becton-Dickinson). 

The FACS analysis results are given in Fig. 10. In Fig. 10. panel A shows 
15 FACS diagrams of the immune cells puried in the same mamier as in Example 1. 
while panel B shows FACS diagrams of the immune cells purified fiom the PBL 
cultured for 1 week in an RPMI.o./. medium prior to isolation. The FACS diagrams 
for T cells are in column 1, for monocytes in column 2. for B cells in column 3 and 
for DCs in column 4. As shown m columns 1 and 2. neither T cells nor monocytes 
20 /macrophages, whether isolated primarily or from the cultured PBL. reacted with the 
monoclonal antibody 3-6.A. As for B cells, when primarily isolated, they did not 
react with the monoclonal antibody 3-6-A at all. In contrast, when isolated from the 
PBL cultured for one week, tiny amounts of B cell fraction were stained with the 



WOOO/00592 



PCt/iCR$!»/d02i2 



28 

antibody S^A ,(c?>lunm 3 in Fig, 10). Whereas, more than 60% of the isolated m 
fraGtipns were deeply stained with the monoclonal antibody y^^, Mpt a big 
diifeenee; was found in thtf FAGS results between the ceUs isolated primarily and 
after the culture for one week (column 4 in Fig. 10). These FAGS data also 
5 demonstrate that the mpndclonal antibody 3-6-A reacts specifically with DCs among 
primary immunpcytes. 

EXAMPLE 19: F.xamination of the Antiaenirit y between DM r. Proteins Exni^...PH 
m E. coll nnd Banilmnm^ SvstPm TT^mtr^fflj^^n^n^ 



iO 



The same procedure as in Example 7 was repeated to obtain antisera (antir 
DM ff -polyclonal antibodies) from the mice immunized with the recombinant DM a 
proteins which were produced from E. coli in Example 3 and from the baculovirus 
system m Example 6. Using the polyclonal antibodies, the recombinant DM a and 

15 authentic DM a expressed in Raji cells were subjected to Western blot hybridization. 

The antiserum obtained from the mice immunized with the recombinant 
DM a expressed in E. coli, well recognized the recombinant DM a expressed in E. 
coli, but not the authentic DM a expressed in Raji cells. In contrast, the antiserum 
taken from the mice immunized with the DM a expressed in the baculovirus system, 

20 well responded to the recombinant DM a- as weU as the authentic DM a expressed 
in Raji cells. This result suggests that the recombinant DM a expressed in E. coli is 
likely to be different fiom the normal DM a proteins in antigenicity. It is believed 
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thafflusdifference might cam^t^ 

antibo4y whifch is able to react with the ndimil DM a . when mice wbre itamiihized 
withtheDMa expressed iii E. coli (Kim et al., Mol. Ceils, 6, 684, 1996). 

5 INDUSTRIAL APPLICABILITY 

As described hereinbefore, the monoclonal antibody 3-6-A of the present 
invention shows a potent reacfivify to the authentic DM a nomiaUy expi^ in 
DCs and Raji cells. Particvaarly noteworthy Is that the monoclonal antibody 3-6-A is 

10 very specific and strong binding capacity to DCs among the PBL. The monoclonal 
antibody 3-6-A sfains DC on their surface as well as in the cytoplasm. Being very 
helpful in studying the functions of DM molecules, therefore, the monoclonal 
antibody 3-6-A of the present invention can be used as a DC-specific sur^e marker, 
which seems to be strong enough to allow positive selection of DCs from PBLs. The 

15 present invention wiU be very useful in the biomedical industry, contributing to the 
advance in the research on the immunotherapy against cancers or other chronic 
diseases. 
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INTERNATIONAL FORM 

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 

bsucdpureuanl to Rule 7.1 

TO: Bae, Yong- Soo 



1 IDENTIFICATION OPTHE MICROORGANISM 



Idcntificaiion rcfofcnce given by the 
DEPOSITOR; 

R34>ridoma cells : KHB-I>M 



Accession number given by Uie 
INTERNATIONAL DErOSJTARY 
AUTHORJTV: 

KCTC(>4a5BP 



j[!:jCTBN77PICDHSC^^ AND/OR PROPOSED TAXONQMlQ OESIGNAtlON 



7>>e mlcmor^ankm identified under Ubovc wn. nccompum^d by: 
[ X ] a Bcientific description 
I ) ft ptoposctd taxofioinic destgnaiian 
(Marie wi(h a cross where applicable) 




undortho Budapest Ttoaty was 



V> INTBRNATFONAL DEPOSITARY AUTHORITY 



Nwnc; Korea Research InsHiule of 

Korean Cotlecikin forType Cultures 

Address: KCTO. KRIBB 

^52, Ouji-doiig. yus6ng-ku, 

Republic of KQn:a 



$lgnamre(s) of person(s) having ihcpciwcr to 
rcf )rc$bni i!ic In icmaUonal Depositary 
Authority or of authorized ofnclal(s): 



Kyung Sock Bac, Curator 
Dale; Juno 05 
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CLAIMS 



1. A monoclonal Mtifeody, 3-6-A, produced in a hybridoma cell. KHB-DM 
(KGTC-0485BP), which is highly specific to the surface of dendritic cells among 
5 perijJhetal blood leukocytes. 

2. A hybridoma cell. KHB-DM, with a Deposition No. of KCTC^85BP. 
which produces the monoclonal antibody 3.6-A of claim 1. 

10 3. A recombinant plasmid pBlueBacHis2A-DM a . comprising a 609 hp 

DNA fiagment coding for an e^lluiar region of a DM a gene, said extracellular 
region corresponding to a base sequence covering between 122 and 732. 

4. A recombinant baculovirus, Bac-N-Blue-DM ^ . prepared by co- 
15 transfecting the recombinant plasmid. pBlueBacHis2A.DM a . of claim 3 and a 

baculovirus full-length DNA. Bac-N-Blue. mto High-5 cells. 

5. A method for probing dendritic cells from a sample, comprising the steps 

of: 

20 binding an antibody to a DM a protein expressed on the surface of the 

dendritic cells in the sample, said antibody specifically reactmg only with the 



^^^^^^ PGT/KR99/mi2 



31 

dendritic cells ansong the peripheral blodd leuk«)cytes, m sample cprfaining qt 
bemg expected to contain the dendritic cells; and 

maridng the antibody bound to the DM a expressed on the surface of the 
dendritic cells to detect the cells stained with the antibody. 

5 

6. A method as set forth in claim 5, wherein said antibody is the monoclonal 
antibody, 3-6-A, of claim 1. 

7. A method as set forth in claim 5, wherein said marking step is conducted 
10 by staining the antibody-attached DM a protem or the antibody-coated cells with a 

second antibody conjugated with fluorescence iso-thiocyanate (FITC) and visualizing 
the cells or DM a protein in any association with dendritic cells. 
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